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FIG. 2B
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FIG. 7A
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MEMORY DEVICE INCLUDING ERROR
DETECTION CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. § 119 to
Korean Patent Application No. 10-2016-0106168, filed on

Aug. 22, 2016, 1n the Korean Intellectual Property Oflice,
the disclosure of which 1s incorporated herein 1n 1ts entirety
by reference.

BACKGROUND

1. Field

At least some example embodiments of the inventive
concepts relate to a memory device and a central processing
unit, and more particularly, to a memory device and a central
processing umt that each include a line swap circuit and a
channel swap circuit to detect error cells.

2. Related Art

A memory capacity of a semiconductor memory device
increases according to the development of manufacture
process technology. As refining process technology devel-
ops, the number of memory cells having an error cell
increases. The increase 1n the memory cells having an error
cell decreases a production yield of the semiconductor
memory device, and the memory capacity thereof may not
be secured. Therefore, methods of detecting and repairing,
error cells to improve a yield of the semiconductor memory
device are needed.

SUMMARY

According to at least ¢ example embodiments of the
iventive concepts, a memory device includes a first
memory cell array connected to a first internal data line; a
second memory cell array connected to a second internal
data line; and a line swap circuit configured to connect the
first internal data line and the second internal data line with
a first external date line and a second external data line based
on a driving signal received from the outside, the line swap
circuit being configured such that, when the driving signal
has a first logic level, the line swap circuit connects the first
internal data line and the second internal data line with the
first external data line and the second external data line,
respectively, and when the driving signal has a second logic
level different from the first logic level, the line swap circuit
swaps the first external data line and the second external data
line so that the first internal data line 1s connected to the
second external data line and the second 1nternal data line 1s
connected to the first external data line.

According to at least e example embodiments of the
inventive concepts, a central processing unit included a first
chip configured to perform a processing function; a second
chuip that i1s connected to the first chip; and a test unit
configured to determine whether data output from the sec-
ond chip includes an error, wherein the second chip includes
a first memory layer connected to a first internal channel, a
second memory layer connected to a second internal chan-
nel, and a memory builer configured to output data recerved
from the first and second internal channels outside of the
central processing unit through first and second external
channels, respectively, and wherein, the memory buller
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includes a channel exchange circuit configured to connects
the first internal channel and the second internal channel
with the first external channel and the second external
channel based on a driving signal received from the outside,
and the channel exchange circuit 1s configured to, connect
the first internal channel and the second internal channel to
the first external channel and the second external channel,
respectively, when the driving signal has a first logic level,
and swap the first external channel and the second external
channel so that the first internal channel 1s connected to the
second external channel and the second internal channel 1s
connected to the first external channel, when the driving
signal has a second logic level that 1s different from the first
logic level.

According to at least e example embodiments of the
inventive concepts, a memory device includes a first
memory cell array connected to a first internal data line; a
second memory cell array connected to a second internal
data line; and a line swap circuit configured to receive a
driving signal, connect the first and second internal data
lines to first and second external data lines, respectively,
based on the driving signal, and swap the connections of the
first and second internal data lines such that the first and
second 1nternal data lines are connected to the second and

first external data lines, respectively, based on the driving
signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of example
embodiments of the mventive concepts will become more
apparent by describing in detail example embodiments of
the mventive concepts with reference to the attached draw-
ings. The accompanying drawings are intended to depict
example embodiments of the mnventive concepts and should
not be mterpreted to limit the intended scope of the claims.
The accompanying drawings are not to be considered as
drawn to scale unless explicitly noted.

FIG. 1 1s a block diagram of an example of a memory
device according to at least one example embodiment of the
inventive concepts;

FIG. 2A 1s a view that illustrates a line swap circuit that
1s mncluded 1n the memory device according to at least one
example embodiment of the inventive concepts;

FIG. 2B 1s a circuit diagram illustrating an example
implementation of a portion of the line swap circuit 300 1n
the memory device 10, according to at least one example
embodiment of the inventive concepts;

FIG. 3 1s a block diagram that illustrates a test unit
according to at least one example embodiment of the inven-
tive concepts;

FIG. 4 15 a flowchart that 1llustrates a method of operating,
a memory device according to at least some example
embodiments of the inventive concepts;

FIG. 5 1s a block diagram of a second example of the
memory device according to at least some example embodi-
ments of the imventive concepts;

FIG. 6 1s a view that 1llustrates one part of the line swap
circuit included 1n the memory device according to at least
one example embodiment of the inventive concepts;

FIG. 7A 1s a block diagram that illustrates a central
processing unit according to at least some example embodi-
ments of the mventive concepts;

FIG. 7B illustrates cross-sectional view of the central
processing unit of FIG. 7A according to at least some
example embodiments of the inventive concepts; and
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FIG. 8 1s a view that illustrates a plurality of memory
chips that constitute the central processing unit according to

at least some example embodiments of the inventive con-
cepts.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

As 1s traditional 1n the field of the mmventive concepts,
embodiments are described, and illustrated 1n the drawings,
in terms of functional blocks, units and/or modules. Those
skilled 1n the art will appreciate that these blocks, units
and/or modules are physically implemented by electronic (or
optical) circuits such as logic circuits, discrete components,
microprocessors, hard-wired circuits, memory e¢lements,
wiring connections, and the like, which may be formed
using semiconductor-based fabrication techniques or other
manufacturing technologies. In the case of the blocks, units
and/or modules being implemented by microprocessors or
similar, they may be programmed using software (e.g.,
microcode) to perform various functions discussed herein
and may optionally be driven by firmware and/or software.
Alternatively, each block, unit and/or module may be imple-
mented by dedicated hardware, or as a combination of
dedicated hardware to perform some functions and a pro-
cessor (e.g., one or more programmed microprocessors and
associated circuitry) to perform other functions. Also, each
block, unit and/or module of the embodiments may be
physically separated into two or more interacting and dis-
crete blocks, units and/or modules without departing from
the scope of the inventive concepts. Further, the blocks, units
and/or modules of the embodiments may be physically
combined into more complex blocks, units and/or modules
without departing from the scope of the inventive concepts.

FIG. 1 1s a block diagram of a first example of a memory
device 10 according to at least one example embodiment of
the 1nventive concepts.

Referring to FIG. 1, the memory device 10 according to
at least one example embodiment of the inventive concepts
may include a normal cell array NCA and a redundancy cell
array RCA. Further, the memory device 10 may further
include a line swap circuit 300 and a repair circuit 200.

The normal cell array NCA may include first to eighth
memory cell blocks 111-118, and the redundancy cell array
RCA may include at least one redundancy repair memory
cell block 119. According to at least some example embodi-
ments of the mventive concepts, a memory capacity of the
memory device 10 1s determined by sizes of the first to
eighth memory cell blocks 111-118 i1ncluded 1n the normal
cell array NCA. According to at least some example embodi-
ments of the mnventive concepts, the memory cell block 119
included in the redundancy cell array RCA 1s a memory cell
block for redundancy repair. The redundancy repair memory
cell block 119 may be a memory cell block for data block
repair which may include repairing error cells that occur in
the first to eighth memory cell blocks 111-118.

FIG. 1 1illustrates only one memory bank of the memory
device 10. Further, as 1s i1llustrated 1n FIG. 1, the normal cell
array NCA and the redundancy cell array RCA may be
included in the same memory bank.

The error cells may include defective memory cells and
weak cells. The defective memory cells denote cells having,
hardware detects or cells that stopped operating due to
defects caused by the manufacturing process, for example,
memory cells having disconnections or shorts that occurred
on the wire. The weak cells denote cells having software
defects, memory cells that have defects under a particular
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voltage condition, or memory cells that have defects under
particular operation timing. The weak cells may include
cells experiencing deterioration in various device character-
1ses, for example, cells having a refresh period that 1s below
a reference amount of time, or cells that exhibit deterioration
in cell writing characteristics or variable retention periods.

The first to eighth memory cell blocks 111-118 include
first to eighth pluralities of memory cells, respectively. Each
of the first to eighth pluralities of memory cells may be
arranged as columns and rows of a memory cell array.
Further, the redundancy repair memory cell block 119 also
includes a plurality of memory cells that may be arranged as
columns and rows of a memory cell array. In the example
shown 1n FIG. 1, memory cells included the same row,
among rows ol the first to eighth memory cell blocks
111-118, may be connected to the same bit line. Memory
cells connected to intersections of a word line and the bit line
may be dynamic memory cells or resistive memory cells.

In the memory device 10, the bit lines that correspond to
a burst length may be simultaneously accessed to support the
burst that represents a desired number of column locations
where bit lines may be accessed or, alternatively, the maxi-
mum number of column locations where bit lines may be
accessed. First to eighth internal data lines GIO_MBO-
GIO_MB7 and first to eighth external data lines GIO_0-
GIO_7 may each have the number of lines that corresponds
to the burst length. Therefore, the semiconductor memory
device 10 of FIG. 1 may have, for example, a burst length
that 1s set to 1.

The line swap circuit 300 may connect the first to eighth
internal data lines GIO MBO0-GIO MB7 to the first to
cighth external data lines GIO_0-GIO_7 based on a driving
signal SS received from the outside. When the driving signal

SS has a first logic level, the line swap circuit 300 connects
the first to eighth internal data lines GIO_MBO0-GIO_MB7

to the first to eighth external data lines GIO_0-GIO_7,
respectively. When the driving signal SS has a second logic
level, the second logic level being different from the first
logic level, the line swap circuit 300 may swap the first to
eighth external data lines GIO_0-GIO_7. Example imple-
mentations of the line swap circuit 300, according to at least
some example embodiments of the inventive concepts, will
be discussed 1n greater detail below with reference to FIGS.
2A and 2B.

The memory device 10 may further include a test unit
400, as shown 1n FIG. 1. The test unit 400 may be connected
to the line swap circuit 300 via the first to eighth external
data lines GIO 0-GIO_7. When a test mode 1s on, a con-
troller 500 applies a test signal TS to the test unit 400.
According to at least some example embodiments of the
inventive concepts, first to eighth data units DQO0-DQ7
stored 1n the first to eighth memory cell blocks 111-118 are
transmitted to the test unit 400 via the first to eighth internal
data lines GIO_MBO0-GIO_MB7, the line swap circuit 300,
and the first to eighth external data lines GIO_0-GIO_7.
According to at least some example embodiments of the
inventive concepts, the test unit 400 determines whether
cach of the first to eight data umits DQ0-DQ7 have errors or
not. However, at least some example embodiments of the
iventive concepts are not limited to the example structure
shown 1n FIG. 1, the memory device 10 may not include a
test unit 400, and the test unit 400 may detect an error that
occurred on data output through the first to eighth external
data lines GIO_0-GIO_7 from the outside of the memory
device 10. According to at least some example embodiments
of the inventive concepts, the test unit 400 may be 1mple-
mented by a circuit or circuitry (1.e., hardware). The test unit
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400 may also be referred to, herein, as the test device 400.
According to the results of the test, when an additional test
1s needed, the test unit 400 may transmit a test result signal
TR to the controller 500. The controller 500 may operate the
line swap circuit 300 1n response to the test result signal TR
transmitted from the test unit 400 so that an additional test
may be performed. Detailed description of the test unit 400
will be further provided 1n the description of FIG. 3.

The controller 500 stores data for controlling various
operation modes of the memory device 10. According to at
least one example embodiment of the imventive concepts,
the controller 500 may store data for controlling a test mode.
When the test mode 1s on, the controller 500 may transmuit
driving signals TS and SS for operating the test unit 400 and
the line swap circuit 300, respectively. Also, the controller
500 may receive the results of the test performed by the test
unit 400.

As a result of determining whether the data written in the
first to e1ghth memory cell blocks 111-118 has errors or not
by the test performed by the test unit 400, when the first to
cighth memory cell blocks 111-118 include error cells hav-
ing an error are included 1n the first to eighth memory cell
blocks 111-118, the test unit 400 may transmit a repair signal
RS to a repair circuit 200. In response to the repair signal RS,
the repair circuit 200 may write data to the redundancy
repair memory cell block 119 instead of an error cell block.
According to at least some example embodiments of the
inventive concepts, the test unit 400 may generate the repair
signal RS such that the repair signal RS includes information
indicating an identity of the error cell block. The repair
circuit 200 may determine which memory cell block to
replace with the redundancy repair memory block 119,
based on the 1dentity of the error cell block indicated by the
repair signal RS.

In FI1G. 1, the total number of memory cell blocks 1s 8, and
only one bit line 1s shown 1n each of the memory cell blocks,
however, at least some example embodiments of the inven-
tive concepts are not limited thereto. A memory cell block
may include a plurality of bit lines. This will be further
described 1n detail with reference to FIG. 6.

FIG. 2A 1s a view that 1illustrates a line swap circuit 300
that 1s 1included 1n the memory device 10 according to at
least one example embodiment of the inventive concepts.

Referring to FIGS. 1 and 2A, the line swap circuit 300 of

the memory device 10 according to at least one example

embodiment of the inventive concepts may connect the first
internal data lines GIO MBO0-GIO MB7 to the first external

data lines GIO_0-GIO_7. When a driving signal SS having
a first logic level is received from the controller 500 to the
line swap circuit 300, the line swap circuit 300 may connect
the internal data lines GIO MBO0-GIO MB7 to the external
data lines GIO_0-GIO_7, respectively. Accordingly, data
units DQ0-DQ7 that have been written in the first to eighth
memory cell blocks 111-118 may be transmitted to the first
to eighth external data lines GIO_0-GIO_7, respectively,
and thus error cells may be detected. A size of each of data
units DQO0-DQ7 may be, for example, a page of data, or a
s1ze of data set in accordance with preferences of a user or
designer of the memory device 10. When a driving signal SS
having a second logic level 1s transmitted from the controller
500, the line swap circuit 300 may swap connection between
the internal data lines GIO MBO0-GIO MB7 and the exter-
nal data lines GIO_0-GIO_7 1n response to the driving
signal SS. In one embodiment, the line swap circuit 300 may
connect the first internal data line GIO MBO0 to the second
external data line GIO 1 and connect the second internal

data line GIO MBI1 to the first external data line GIO 0.
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That 1s, the adjacent internal data lines may swap the
external data lines to which the adjacent internal data lines
are connected. In this case, the data unit DQO written in the
first memory cell block 111 1s detected by the second
external data line GIO_1, and the data unit DQ1 written 1n
the second memory cell block 112 may be detected by the
first external data line GIO_0. However, according to at least
some example embodiments of the inventive concepts, ¥ the
internal data lines that are not adjacent to each other may
swap the external data lines connected to the internal data
lines, respectively. For example, according to at least some
example embodiments of the mventive concepts, all con-

nections between the internal data lines GIO MBO0-
GIO_MBT7 and the external data lines GIO_0-GIO_7 may be
swapped. Additionally or alternatively, according to at least
some example embodiments of the inventive concepts, only
connections of the internal data lines and the external data
lines connected to the memory cell blocks that are deter-
mined to include error cells may be swapped.

FIG. 2B 1s a circuit diagram illustrating an example
implementation of a portion of the line swap circuit 300 1n
the memory device 10, according to at least one example
embodiment of the inventive concepts.

Referring to FIGS. 1 and 2B, the line swap circuit 300
may be configured to include, for example, a plurality of
NAND gates. However, at least some example embodiments
of the mventive concepts are not limited to the example
structure shown 1n FIG. 2B, and line swap circuit may be
implemented using logical elements 1n place of, or 1n
addition to, the NAND gates illustrated 1n FIG. 2B.

According to the driving signal SS transmitted from the
controller 500 to the line swap circuit 300, the first external
data line GIO_0 and the second external data line through
which the first and second data units DQO and DQ1 are
output, may be changed, wherein the first and second data
units DQO and DQ1 are mput through the first internal data
line GIO MBO0 and the second internal data line GIO MBI1

connected to the line swap circuit 300.

TABLE 1

SS FLirst external data lime (GIO__0) Second external data line (GIO__ 1)

I, DQ1
H DQO

DQO
DQ1

As shown 1n Table 1, when the driving signal SS trans-
mitted from the controller 500 has a first logic level L, the
first data unit DQO may be output through the first external
data line GIO_0 and the second data unit DQ1 through the
second external data line GIO_1. When the driving signal SS
transmitted from the controller 500 has a second logic level
H, the second data umit DQ1 may be output through the first
external data line GIO_0 and the first data unit DQO through
the second external data line GIO_1. The first logic level L
may have a value lower than that of the second logic level
H, However, at least some example embodiments of the
inventive concepts are not limited thereto.

FIG. 2B illustrates an example a logic circuit that corre-
sponds to a portion of the line swap circuit 300 including
connections between a pair of internal data lines (i.e.,
GIO_MB0 and GIO_MBI1) and a corresponding pair of
external data lines (1.e., GIO_0 and GIO_1). However,
according to at least some example embodiments of the
inventive concepts, the line swap circuit 300 may include a
circuit like that shown in FIG. 2B for connections between
cach pair of internal data lines, among the first to eighth
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internal data lines GIO _MBO0-GIO _MB7, and each corre-
sponding pair of external data lines, among the first to eighth
external data lines GIO_0-GIO_7. For example, with respect
to the example structure shown 1n FIG. 1 1n which there are
cight external data lines and ei1ght internal data lines, the line
swap circuit 300 may include four circuits having the

structure 1llustrated 1n FIG. 2B. When the same driving
signal SS 1s applied to all the logic circuits, all connections

of the first to eighth external data lines GIO_0-GIO_7 may

be swapped at the same time. On the other hand, the driving,
signal SS may be individually applied to each of the logic

circuits, and 1n this case, connections between the first to

eighth mternal data lines GIO_MBO0-GIO_MB7 and the first
to eighth external data lines GIO_0-GIO_7 may be partially
swapped.

FIG. 3 1s a block diagram that illustrates a test unit 400
according to at least one example embodiment of the inven-
tive concepts. FIG. 4 1s a flowchart that 1llustrates a method
of operating a memory device according to at least some
example embodiments of the inventive concepts.

Referring to FIGS. 1, 3, and 4, the test unit 400 according,
to at least one example embodiment of the mventive con-
cepts may include a test circuit 410, an error cell table
memory 420, and a comparator 430.

When the test signal TS 1s transmitted from the controller
500, the test circuit 410 may determine whether an error has
occurred 1n data written to the first to eighth memory cell
blocks 111-118 based on each of the first to eighth data units
DQO0-D(Q7 transmitted from the first to eighth external data
lines GIO_0-GIO_7. For example, a method of sensing error
occurrence in the data may include repeatedly writing par-
ticular data to the plurality of memory cells and repeatedly
comparing the read result with the particular data. The test
circuit 410 may determine an error cell and a normal cell
based on the comparison result.

Referring to FI1G. 4, when the drniving signal SS having a
first logic level 1s transmitted to the line swap circuit 300
from the controller 500, 1n operation S110, the test circuit
410 may perform a first test that determines whether an error
has occurred in the first to eighth data umits DQO0-DQ7
transierred from each of the first to eighth external data lines
GIO_0-GIO_7. In operation S120, the test circuit 410 may
transmit the results of the first test to the error cell table
memory 420, and the error cell table memory 420 may store
the results of the first test 1n a table.

After the first test, 1n operation S130, the controller 500
may transmit a driving signal SS having a second logic level
to the line swap circuit 300. The line swap circuit 300 may
swap connection between the first to eighth internal data
lines GIO_MBO0-GIO_MBY7 and the first to eighth external
data lines GIO_0-GIO_7 in response to the driving signal
SS.

In operation S140, the test circuit 410 may perform a
second test that determines whether an error has occurred 1n
the first to eighth data units DQ0-DQ7 transmitted from each
of the swapped first to eighth external data lines GIO_0-
GIO_7. In operation S150, the test circuit 410 after under-
going the second test may transmit the results of the second
test to the error cell table memory 420, and the error cell
table memory 420 may store the results of the second test in
a table.

After the test circuit 410 performs both the first test and
the second test, the error cell table memory 420 may
transmit the stored results of the first test and the second test
to the comparator 430 and the memory device 10 may
proceed to operation S160. In operation S160, the compara-
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tor 430 may compare the results of the first test with the
results of the second test received from the error cell table

memory 420.

TABLE 2
First external Second external data line
SS data line (GIO_ 0) (GIO__1)
Results of first test O X
First example results X O
of second test
Second example O X

results of second test

In Table 2, X denotes error occurrence 1n data transmitted
from an external data line, and O denotes no error occur-
rence. As shown 1n Table 2, for example, 1t 1s assumed that
an error was detected with respect to the second data unit
DQ1 transmitted to the second external data line GIO_1 1n
the results of the first test. Table 2 shows two diflerent
example results of the second test, each of which 1s dis-
cussed below.

In first example results of the second test, an error may be
detected from data transmitted to the first external data line
GIO_0 that swapped connection with the second external
data line GIO 1. That 1s, the error detected from the second
external data line GIO 1 of the first test and the error
detected from the first external data line GIO 0 of the
second test may be identical to each other. In this case, since
it 1s deemed that the error occurred with respect to the
second data unit DQ1, the second memory cell block 112, to
which the second data unit DQ1 has been written, may be
determined to have included an error cell.

On the other hand, 1n second example results of the
second test, an error may be detected as 1t 1s from data
transmitted to the second external data line GIO 1. That 1s,
an error that has been monitored in the first external data line
GIO_0 of the second test may not be detected. Also, results
different from the error that has been detected in the second
external data line GIO_1 of the first test may be derived. In
this case, the first and second memory cell blocks 111 and
112 are determined to not include an error cell, and the error
may be determined to be from an element of the memory
device 10 other than the first and second memory cell blocks
111 and 112.

Thus, 1n operation S160, the memory device 10 may
detect a location of a memory cell block including an error
cell by comparing the results of the first test with the results
of the second test. When the second memory cell block 112
1s determined to be including the error cell as well as the first
results of the second test shown 1n Table 2 as a result of
comparing the results of the first test with the results of the
second test, the comparator 430 may provide the repair
signal RS to the repair circuit 200. In operation S170, the
repair circuit 200 may substitute the redundancy repair
memory cell block 119 for the second memory cell block
112. According to at least some example embodiments of the
inventive concepts, the test unit 400 may generate the repair
signal RS such that the repair signal RS includes information
indicating an 1dentity of the second memory cell block 112.
The repair circuit 200 may substitute the redundancy repair
memory cell block 119 for the second memory cell block
112, based on the 1dentity of the second memory cell block
112 indicated by the repair signal RS.

FIG. 5 1s a block diagram of a second example that
illustrates a memory device 20 according to at least some
example embodiments of the inventive concepts. Like ret-
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erence numerals 1n FIG. 5 denote like elements in FIG. 2,
and thus repeated explanations thereof are omitted for
convenience ol description.

Referring to FIG. 5, the memory device 20 may include
a normal cell array NCA and a redundancy cell array RCA.
Also, the memory device 20 may include a line swap circuit
300 and a repair circuit 200.

The normal cell array NCA may include first to eighth
memory cell blocks 121-128, and the redundancy cell array
RCA may include at least one redundancy repair memory
cell block 129. The redundancy repair memory cell block
129 may be a memory cell block for data block repair, which

may include repairing error cells occurred in the first to
eighth memory cell blocks 121-128.

Each of the first to eighth memory cell blocks 121-128
and the redundancy repair memory cell block 129 includes
a plurality of memory cells which may be arranged as
columns and rows of a memory cell array, for example, 1n
the same manner discussed above with respect to first to
cighth memory cell blocks 111-118 and the redundancy
repair memory cell block 119. According to at least one
example embodiment of the mnventive concepts, rows of the
first to eighth memory cell blocks 121-128 may be consti-
tuted of two bit lines. Memory cells connected to intersec-
tions of word lines and the bit lines may be dynamic memory
cells or resistive memory cells.

In the memory device 20, the bit lines that correspond to
a burst length may be simultaneously accessed to support the
burst length that represents a desired number of column
locations capable of accessing the bit lines or, alternatively,
the maximum number of column locations capable of
accessing the bit lines. Internal data lines GIO_MB0_BLO,
_MB0_BL1, GIO_MB1_BL0, GIO_MBI1_BIL1,
_MB2 BL0, GIO_MB2_BL1, GIO_MB3_BLO,

M
M

_MB3 BL1, GIO_MB4_BL0, GIO_MB4_BI1,
_MB5 BL0, GIO_MB5_BL1, I B6_BLO,
_MB6_BL1, GIO_MB7_BLO, and GIO_MB7_BL1
nd external data lines GIO 0 BL0O, GIO 0 BL1,
O_1_BL0, GIO_1_BL1, GIO_2 BL0, GIO_2 BL1,
10_MB3_BL0, GIO_3_BL1, GIO_4_BL0, GIO_4_BI1,
I0_ 5 BL0, GIO_S BL1, GIO_6_BL0, GIO_6_BI1,
10_7_BL0, and GIO_7_BL1 may each be 1n a number that
corresponds to the burst length. Therefore, the memory
device 20 of FIG. 5 may have, for example, a burst length
that 1s set to 2.

The line swap circuit 300 may connect {irst to eighth
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internal data lines GIO MB0 BL0O, GIO MBO0 BI1,
GIO_MBI1_BL0, GIO_MBI1_BL1, GIO_N"%2_BLO,,
GIO_MB2_Bl, GIO_MB3_BLJO, GIO_MB3_BI 1,
GIO_MB4 BL0, GIO_MB4_BL1, GIO_MB5_BLO,
GIO_MBS BL1, GIO_MB6_BL0, GIO_MB6_BI1,
GIO_MB7_BL0, and GIO_MB7_BL1 to first to elghth
external data lines GIO_0_BL0, GIO_0_BL1, GIO_1_BL0,
GIO_1_BL1, GIO_2_BL0, GIO_2_BIL1, GIO _MB3_BLDO0,
GIO_3_BL1, GIO 4 BL0, GIO_ 4 BL1, GIO_5_BLO,
GIO_S5_BL1, GIO_6_BL0, GIO_6_BL1, GIO_7_BL0, and
GIO_7_BL1. Detailed description of the line swap circuit

300 will be further provided in the description of FIG. 6.
As shown 1n FIG. 5, the memory device 20 may further
include a test unit 400, however, at least some example
embodiments of the mventive concepts are not limited
thereto. The memory device 20 may not include a test unit
400, and the test unit 400 may detect errors occurred 1n data
that 1s output through the external data lines GIO_0_BLJ0,

GIO_0_BL1, GIO_1_BL0, GIO_1_BL1, GIO_2_BLO,
GIO_2_BL1, GIO_MB3_BLO, GIO_3_BL1 GlO_4_BLO,
GIO_4_BL1, GIO_S_BL0, GIO_5_BL1, GIO_6_BLO,
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GIO_6_BL1, GIO_7_BL0, and GIO_7_BL1 from the out-
side of the memory device 20.

The test unmit 400 may be connected to the line swap
circuit 300 wvia the external data lines GIO _0_BLO,
GIO_0_BL1, GIO_1_BL0, GIO_1_BL1, GIO_2_BLO,
GIO_2_BL1, GIO_MB3_BLO0, GIO_3_BL1, GIO_4_BLO0,
GIO_4_BL1, GIO_S5 BL0, GIO_5 BL1, GIO_6_BLO,
GIO_6_BL1, GIO_7_BL0, and GIO_7_BL1. When a test
mode 1s on, a controller 500 applies a test signal TS to the
test unit 400, and thus the test unit 400 may determine
whether data written 1n first to eighth memory cell blocks
121-128 has defects or not based on each of first to eighth
data units DQ0-DQ7 that are transmitted from the external
data lines GIO_0_BL0, GIO_0_BL1, GIO_1_BLO,
GIO_1_BL1, GIO_2_BL0, GIO_2 BL1, GIO_MB3_BL0,
GIO_3_BL1, GIO_4_BL0, GIO_4 BL1, GIO_5_BLO,
GIO_5_BL1, GIO_6_BL0, GIO_6_BL1, GIO_7_BLJ0, and
GIO_7_BL1. According to the results of the test, when an
additional test 1s needed, the test unit 400 may transmuit a test
result signal TR to the controller 500. The controller 500
may operate the line swap circuit 300 1n response to the test
result signal TR transmitted from the test unit 400 so that an
additional test may be performed.

The controller 500 may transmit driving signals TS and
SS for operating the test unit 400 and the line swap circuit
300, respectively. Also, the controller 500 may receive the
results of the test performed by the test umt 400.

As a result of determining whether the data written in the
first to eighth cell memory blocks 121-128 have defects or
not by the test performed by the test unit 400, when the first
to eighth cell memory blocks 121-128 include error cells
having an error, the test unit 400 may transmait a repair signal
RS to the repair circuit 200. In response to the repair signal
RS, the repair circuit 200 may write data to the redundancy
repair memory cell block 129 imstead of an error cell block.
According to at least some example embodiments of the
inventive concepts, the test unit 400 may generate the repair
signal RS such that the repair signal RS includes information
indicating an 1dentity of the second memory cell block 112.
The repair circuit 200 may substitute the redundancy repair
memory cell block 129 for the second memory cell block
112, based on the identity of the second memory cell block
112 indicated by the repair signal RS.

Burst lengths of the memory device 10 of FIG. 1 and the
memory device 20 of FIG. § are 1 and 2, respectively,
however, at least some example embodiments of the imven-
tive concepts are not limited thereto. The burst length may
be greater than 2, and at least some example embodiments
of the mventive concepts may be applied.

FIG. 6 1s a view that 1llustrates one part of the line swap
circuit 300 included 1n the memory device 20 according to
at least one example embodiment of the inventive concepts.

Referring to FIGS. 5 and 6, when a driving signal SS
having a first logic level 1s transmitted from the controller
500, the line swap circuit 300 may connect the internal data
lines GIO_MBO0_BL0, GIO_MB0_BL1, GIO_MB1_BL0,
B1_BL1, GIO_MB20_BL0, GIO_MB2_BILl1,

GIO_MB3_BL1, (I

B3_BLO, _MB4_BLJ0,
B4_BL1, GIO_MB5_BL0, GIO_MBS_BL1,
B6_BL0, GIO_MBe6_BL1, GIO_MB7_BL0, and
B7 BL1 to the external data lines GIO 0 BLO,

L1, GIO_1_BL0, GIO_1_BL1, GIO_2_BLO,
L1, GIO_MB3_BL0, GIO_3_BL1, GIO_4_ BLJO,
BL1, GIO_S§_BL0, GIO_S5_BL1, GIO_6_BLJO,
"O 6 L1, GIO_7_BLO0, and GIO_7_BI 1, respectlvely
Accordmgly, data units DQO0-DQ7 that have been written 1n

the first to eighth memory cell blocks 121-128 may be
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transmitted to the first to eighth external data lines

GIO_0_BLO, GIO_0_BL1, GIO_1_BL0, GIO_1_BIL1,
GIO_2_BLO, GIO_2_BL1, GIO_MB3_BL0, GIO_3_BI1,
GlO_4_BLO, GIO_4_BL1, GIO_5_BL0, GIO_5_BIL1,

GIO_6_BL0, GIO_6_BL1, GIO_7_BL0, and GIO_7_BIL1,
respectively, and thus error cells may be detected.

When a driving signal SS having a second logic level,
which 1s different from the first logic level, 1s transmitted
from the controller 500, the line swap circuit 300 may swap
connection between the internal data lines GIO_MB0_BLO,
MB0_BL1, GIO_MB1_BL0, GIO_MBI1_BIL1,
MB20_BL0, GIO_MB2 BLL1, GIO_MB3_BLO,

M
M

MB3 BI.1, GIO_MB4_ BIL.0, GIO _MB4 BI 1,
MB5_BL.0, GIO_ MBS _BI1, Gl B6 BLO,
_MB6 BL1, GIO MB7 BLO, and GIO MB7 BL1
nd the external data lines GIO 0 BLO, GIO 0 BI1,
O 1 BLO0, GIO 1 BL1, GIO 2 BL0, GIO 2 BI1,
IO MB3 BLO0, GIO_3 BIL1, GIO 4 BL0, GIO 4 BIL1,
O 5 BLO0, GIO 5 BL1, GIO 6 BL0, GIO 6 BIL1,
10 7 BLO, and GIO_7_BL1 1n response to the driving
signal SS.

In one embodiment, the line swap circuit 300 may connect
the first 1nternal data lines GIO MB0 BLO0O and

GIO_MBO0_BL1 transmitting data unit DQO of the first
memory cell block 121 to the second external data lines
GIO 1 BLO0 and GIO 1 BIL.1 and connect the second inter-
nal data lines GIO MB1 BIL.0 and GIO MB1 BIL.1 trans-
mitting data unit DQ1 of the second memory cell block 122
to the first external data lines GIO 0 BL0O and GIO 0 BIL.1.
In this case, the data unit DQO written in the first memory
cell block 121 1s detected by the second external data lines
GIO_1_BLO0 and GIO_1_BL1, and the data unit DQ1 writ-
ten 1n the second memory cell block 122 may be detected by
the first external data line GIO 0 BL0O and GIO 0 BL1.
However, 1n some embodiments, and the internal data lines
transmitting data of a memory cell block that is not adjacent
to the internal data lines may swap the external data lines
connected to the internal data lines, respectively.

FIGS. 1 to 6 illustrate swapping connections between the
external data lines 1n the same memory bank, however, at
least some example embodiments of the inventive concepts
are not limited thereto, and external data lines included in
different memory banks may be swapped. A location of a
memory bank including an error cell may be detected by
swapping data lines between different memory banks.

FIG. 7TA 1s a block diagram that illustrates a central
processing unit 1000 according to at least some example
embodiments of the inventive concepts. FIG. 7B 1s a view
that 1llustrates the central processing unit 1000 according to
at least some example embodiments of the inventive con-
cepts.

Referring to FIGS. 7A and 7B, the central processing unit
1000 according to at least some example embodiments of
the 1nventive concepts may include a first chip 800 that
performs a processing function; and a second chip 900 that
1s connected to the first chip 800 and supports the processing
function.

In particular, the central processing unit 1000 may include
an 1terposer substrate 700 that 1s stacked on a logic semi-
conductor package 600, the first chip 800 that 1s mounted on
the interposer substrate 700 and the second chip 900 that
includes a plurality of chips stacked on the interposer
substrate 700. The first chip 800 may be electrically con-
nected by wires 709 formed in the second chip 900 and the
interposer substrate 700. Here, the stacked plurality of chips
may be memory chips (e.g., DRAM). Therefore, the second
chip 900 may be a memory semiconductor package (e.g., a
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semiconductor package having a high bandwidth memory
(HBM) structure, but embodiments are no limited thereto.
The second chip 900 i1s the same as that defined in the
description of FIG. 8.

The interposer substrate 700 may include through wvias
701. The through via 701 may contact a terminal of the
second chip 900 and thus may electrically connect the
interposer substrate 700 and the second chip 900. Interposer
pads 703 and external terminals 705 attached to the inter-
poser pads 703 may be disposed on a lower surface of the
interposer substrate 700. A passivation layer that exposes the
external terminals 705 and covers the interposer pads 703
may be formed.

The logic semiconductor package 600 may include a logic
chip. The through via 701 may electrically connect the
second chip 900 and the logic chip. Therefore, the second
chip 900 may be connected to the logic chip of the logic
semiconductor package 600 through the through vias 701.
External terminals 607 may be formed on a lower surface of
the logic semiconductor package 600, and thus the logic
semiconductor package 600 may be electrically connected to
other devices through the external terminals 607.

FIG. 8 1s a view that 1llustrates a plurality of memory
chips included 1n the central processing unit 1000 according
to at least some example embodiments of the inventive
concepts.

Retferring to FIGS. 7A, 7B, and 8, the second chip 900
included in the plurality of memory chips may include first
to fourth memory layers 910, 920, 930, and 940 that are
stacked on each other. The first to fourth memory layers 910,
920, 930, and 940 may constitute a plurality of independent
interfaces that are also referred to as “channels™. Each of the
first to fourth memory layers 910, 920, 930, and 940 may
include two internal channels 911-912, 921-922, 931-932,
and 941-942. Each of the first to eight internal channels 911,
912, 921, 922, 931, 932, 941, and 942 includes independent
memory banks and may be independently clocked.

In one embodiment 1llustrated 1n FIG. 8, the second chip
900 provides an example of a configuration that 1s consti-
tuted of eight internal channels by stacking four memory
layers 910, 920, 930, and 940. According to the embodi-
ment, two to eight memory layers may be stacked in the
second chip 900. Each of the first to fourth memory layers
910, 920, 930, and 940 may be constituted of one or four
internal channels. Each of the first to fourth memory layers
910, 920, 930, and 940 may include a plurality of memory
chips.

The second chip 900 may further include a memory builer
902 at a lower part of the first to fourth memory layers 910,
920, 930, and 940. Theretfore, the memory buller 902 may
be stacked on the interposer substrate 700 of the central
processing unit 1000 of FIG. 7B.

The memory bufler 902 may recerve command, address,
clock, and data from a memory controller (e.g., the first chip
800 of FIG. 7A) from the outside of the memory builer 902
and may provide a signal distribution function that provides
the recetved command, address, clock, and data to the first
to fourth memory layers 910, 920, 930, and 940. Since the
memory buller 902 builers all the command address, clock,
and data, the memory controller may interface with the first
to fourth memory layers 910, 920, 930, and 940 by only
operating a load of the memory buller 902.

The memory builer 902 and the first to fourth memory
layers 910, 920, 930, and 940 may be electrically connected
by through silicon vias TSVs, 901 and may transmit and
receive a signal with each other. The memory bufler 902
may communicate with the memory controller outside the
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memory buller 902 through a conducting means formed on
the outside of the second chip 900.

The memory bufler 902 may include a channel swap
circuit 300A and a test unit 400A, however, at least some
example embodiments of the iventive concepts are not
limited thereto. The test unit 400A may not be formed 1n the
memory builer 902, and an embodiment may be configured
such that a test on defects of the first fourth memory layers
910, 920, 930, and 940 1n the second chip 900 from the
outside of the second chip 900. In this case, first to eighth
external channels ch0-ch7 may be formed on the interposer
substrate 700 1n FIG. 7B. For example, the first to eighth
external channels may be formed on wires 709 formed 1n the
interposer substrate 700 1n FIG. 7B. The channel swap
circuit 300A and the test unit 400A may perform the same
functions with those of the line swap circuit 300 and the test
unit 400 1 FIGS. 1 to 4 or the line swap circuit 300 and the
test unit 400 in. FIGS. 5 and 6.

The channel swap circuit 300A may connect first to eighth
internal channels 911, 912, 921, 922, 931, 932, 941, and 942
to the first to eighth external channels ch0-ch7. When a
driving signal of a first logic level 1s transmitted to the
channel swap circuit 300A, the channel exchange circuit
300A may connect the first to eighth internal channels 911,
912, 921, 922, 931, 932, 941, and 942 to the first to eighth
external channels ch0-ch7, respectively. When a driving
signal having a second logic level that 1s different from the
first logic level 1s transmitted to the channel swap circuit
300A, the channel swap circuit 300A may connect the first
to eighth internal channels 911, 912, 921, 922, 931, 932,
941, and 942 and the first to eighth external channels
ch0-ch7 1n response to the driving signal.

In one embodiment, the channel swap circuit 300A may
connect the first mternal channel 911 to the third external
channel ch2 and the third internal channel 921 to the first
external channel ch0. That 1s, the channel swap circuit 300A
may swap 1nternal channels formed 1n the first memory layer
910 and the second memory layer 920 that are stacked
adjacent and external channels connected to the internal
channels, respectively. However, embodiments are not lim-
ited thereto, and the channel swap circuit 300A may swap
the external channels that are respectively connected to the
internal channels formed 1n memory layers that are not
stacked adjacent. Also, when each of the memory layers are
connected to the iternal channels, the channel swap circuit
300A may swap the internal channels formed 1n the same
memory layer and the external channels that are respectively
connected to the mternal channels.

The test unit 400A may include a test circuit, an error
channel table memory, and a comparator. That 1s, the test
unit 400A 1. FIG. 8 may have the same configuration with
that of the test umit 400 1n FIG. 3. The test unit 400A may
be connected to the line swap circuit 300A through the
external channels ch0-ch7.

When a test mode 1s on, a test signal TS 1s transmitted to
the test unit 400, and the test circuit may determine whether
the first to eighth internal channels 911, 912, 921, 922, 931,
032, 941, and 942 have errors or not based on each of the
first to eighth data transmitted from the external channels
ch0-ch7. According to the results of the test, when error 1s
detected, an additional test ay be performed, and a driving
signal may be transmitted to the channel swap circuit 300A.

In particular, when a driving signal of a first logic level 1s
transmitted to the channel swap circuit 300A, a first test for
determining error occurrence in the first to eighth internal
channels 911, 912, 921, 922, 931, 932, 941, and 942 may be

performed based on each of the first to eighth data trans-
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mitted from the external channels ch0-ch7. After performing
the first test, a driving signal of a second logic level may be
transmitted to the channel swap circuit 300A, and at least
some of the external channels ch0-ch7 may be swapped.

After the swapping, a second test for determining error
occurrence 1n the first to eighth internal channels 911, 912,
921, 922, 931, 932, 941, and 942 may be performed based
on each of the first to eighth data transmitted from the
external channels ch0-ch7. After performing each of the first
test and the second test, a test circuit 410A of the test unit
400A may sequentially store the results of the first test and
the results of the second test 1n a table. After performing all
of the first test and the second test, the results of the first test
and the results of the second test that have been stored 1n the
table may be compared to each other.

In one embodiment, 1t may be assumed that a result of an
error occurred 1n data transmitted from the third external
channel ch2 may be derived from the first test. After the first
test, the external channels ch0-ch7 may be swapped to each
other, and the first internal channel 911 may be connected to
the third external channel ch2 and the third internal channel
921 to the first external channel ch0 by the channel swap
circuit 300A. Thereatter, the second test may be performed.

When an error detected from the third external channel
ch2 of the first test and an error detected from the first
external channel ch0 of the second channel are 1dentical to
cach other, the third internal channel 921 may be determined
as having an error. On the other hand, when an error detected
from the third external channel ch2 of the first test and an
error detected from the first external channel ch0 of the
second test are different from each other, an error detected
from the third external channel ch2 of the first test may be
determined as occurred due to an element other than the
third internal channel 921.

Accordingly, when the error detected from an external
channel n the first test and the error that has been monitored
by an external channel in the second test are 1dentical to each
other as the result of comparing the results of the first test
and the second test, the second chip 900 i1s determined as 1t
includes an internal channel having an error, and the second
chip 900 may be repaired by replacing the internal channel
having an error with an extra internal channel.

Each of the channels 911, 912, 921, 922, 931, 932, 941,
and 942 may construct an independent command and a data
interface. Since the channels 911, 912, 921, 922, 931, 932,
941, and 942 are independent from each other, the descrip-
tion about one of the channels 911, 912, 921, 922, 931, 932,
941, and 942 may apply the same to the other channels.

In one embodiment, a plurality of memory layers 910,
920, 930, and 940 of the second chip 900 may each include
the memory device 10 of FIG. 1 or the memory device 20
of FIG. §. Therefore, a central processing unit 1000 accord-
ing to at least one example embodiment of the inventive
concepts may include both (1) the line swap circuit 300 1n
FIG. 1 or the line swap circuit 300 1n FIG. 5, and (11) the
channel swap circuit 300A. In order to detect an accurate
location of error occurred in the central processing unit
1000, a step of performing a test by driving the channel swap
circuit 300A and a step of performing a test by driving the
line swap circuit 300 1n FIG. 1 or the line swap circuit 300
in FIG. 5 may be all performed.

However, at least some example embodiments of the
inventive concepts are not limited to the example 1n which
memory layers 910, 920, 930, and 940 of the second chip
900 each include the memory device 10 of FIG. 1 or the
memory device 20 of FIG. 5. For example, according to at
least some example embodiments of the inventive concepts,
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the plurality of memory layers 910, 920, 930, and 940 may
not include the memory device 10 of FIG. 1 or the memory
device 20 of FIG. 5.

Example embodiments of the inventive concepts having,
thus been described, 1t will be obvious that the same may be
varied 1n many ways. Such variations are not to be regarded
as a departure from the mtended spirit and scope of example
embodiments of the mventive concepts, and all such modi-
fications as would be obvious to one skilled 1n the art are
intended to be included within the scope of the following
claims.

What 1s claimed 1s:
1. A memory device comprising:
a first memory cell array connected to a first internal data
line:
a second memory cell array connected to a second internal
data line; and
a line swap circuit configured to connect the first internal
data line and the second internal data line with a first
external data line and a second external data line based
on a driving signal recerved from the outside,
the line swap circuit being configured such that,
when the driving signal has a first logic level, the line
swap circuit connects the first internal data line to the
first external data line and the second internal data
line to the second external data line, and
when the driving signal has a second logic level dii-
ferent from the first logic level, the line swap circuit
swaps the first external data line and the second
external data line so that the first internal data line 1s
connected to the second external data line and the
second iternal data line 1s connected to the first
external data line,
wherein the first external data line and the second external
data line respectively output data to the outside through
different mput/output pads,
wherein the memory device further comprises a test unit
configured to detect an error 1n data output through at
least one of the first external data line and the second
external data line, and
wherein, the test unit 1s configured such that, when the
driving signal has the first logic level, the test unit,
performs a first test that includes determining whether
the data output through the first and second external
data lines 1includes an error,
performs a second test that includes determiming
whether data output through the swapped first and
second external data lines includes an error, and
stores results of the first test and the second test.
2. The memory device of claim 1,
wherein the line swap circuit 1s configured to operate 1n
response to the driving signal that 1s provided from
outside, and the driving signal 1s changed from the first
logic level to the second logic level when an error 1s
detected from data output through at least one of the
first external data line and the second external data line.
3. The memory device of claim 1, wherein the test unit 1s
configured to generate a repair 81gnal based on an error
detected from the second external data line while performing
the first test and an error detected from the first external data
line while performing the second test.
4. The memory device of claim 3, further comprising;:
a repair circuit; and
a memory cell array for redundancy repatr,

10

15

20

25

30

35

40

45

50

55

60

16

wherein the repair circuit 1s configured to repair an error
cell of the second memory cell array using the memory
cell array for redundancy repair, based on the repair

signal.
5. The memory device of claim 1, wherein the test unit 1s

configured to determine that the second memory cell array
does not have an error cell when the test unit does not detect
an error 1n data output through the first external data line
when the second test 1s performed.
6. The memory device of claim 1
wherein each of the first and second internal data lines and
the first and second external data lines has a number of

lines that corresponds to a burst length.
7. The memory device of claim 1, wherein the first

memory cell array and the second memory cell array are
included 1n the same memory bank.

8. A memory device comprising:

a first memory cell array connected to a first internal data

line:

a second memory cell array connected to a second internal

data line; and

a line swap circuit configured to,

receive a driving signal,

connect the first internal data line to a first external data
line and the second internal data line to a second
external data line based on the driving signal, and

swap the connections of the first and second internal
data lines such that the first and second internal data
lines are connected to the second and first external
data lines, respectively, based on the driving signal,

wherein the first external data line and the second external
data line respectively output data to the outside through
different iput/output pads,
wherein the line swap circuit 1s configured to operate 1n
response to the driving signal that 1s provided from
outside, and the driving signal 1s changed from a {first
logic level to a second logic level when an error is
detected from data output through at least one of the
first external data line and the second external data line,

wherein the memory device further comprises a test unit
configured to detect an error 1n data output through at
least one of the first external data line and the second
external data line, and

wherein, the test umt 1s configured such that, when the

driving signal has the first logic level, the test unat,

performs a first test that includes determining whether
the data output through the first and second external
data lines includes an error,

performs a second test that includes determiming
whether data output through the swapped first and
second external data lines includes an error, and

stores results of the first test and the second test.

9. The memory device of claim 8, wherein the test unit 1s
configured to generate a repair signal based on an error
detected from the second external data line while performing
the first test and an error detected from the first external data
line while performing the second test.

10. The memory device of claim 9, further comprising;:

a repair circuit; and

a memory cell array for redundancy repatr,

wherein the repair circuit 1s configured to repair an error

cell of the second memory cell array using the memory
cell array for redundancy repair, based on the repair

signal.
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